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Obstructive sleep apnea syndrome (OSAS) is a common sleep 
related breathing disorder. Its prevalence is estimated to be 
between 2% and 25% in the general population. However, the 
prevalence of sleep apnea is much higher in patients undergo-
ing elective surgery. Sedation and anesthesia have been shown 
to increase the upper airway collapsibility and therefore increas-
ing the risk of having postoperative complications in these pa-
tients. Furthermore, the majority of patients with sleep apnea 
are undiagnosed and therefore are at risk during the periopera-
tive period. It is important to identify these patients so that ap-
propriate actions can be taken in a timely fashion. In this review 
article, we will discuss the epidemiology of sleep apnea in the 
surgical population. We will also discuss why these patients are 
at a higher risk of having postoperative complications, with the 
special emphasis on the role of anesthesia, opioids, sedation, 
and the phenomenon of REM sleep rebound. We will also re-
view how to identify these patients preoperatively and the steps 
that can be taken for their perioperative management.
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Obstructive sleep apnea is characterized by intermittent and recurrent episodes of partial or complete obstruction 
of the upper airway during sleep. These episodes disrupt sleep 
architecture, causing fragmented sleep and daytime sleepiness. 
OSAS has been shown to be associated with various health-
related consequences, including increased rate of motor vehicle 
accidents, hypertension, diabetes mellitus, congestive heart 
failure, stroke, and all-cause mortality.1-9
Recently, numerous studies have demonstrated that surgical 
patients with sleep apnea are at increased risk of having peri-
operative complications, including hypoxemia, pneumonia, dif-
fi cult intubation, myocardial infarction, pulmonary embolism, 
atelectasis, cardiac arrhythmias, and unanticipated admission to 
the ICU. The majority of patients with OSA are undiagnosed 
upon admission and are at risk during the perioperative period, 
presumably due to their underlying sleep apnea. Therefore, it is 
very important to identify these patients preoperatively so that 
one can initiate appropriate perioperative measures.
Epidemiology
OSAS is an extremely common sleep related breathing dis-
order, and its prevalence has been increasing throughout the 
world because of obesity and increasing age of the general pop-
ulation. Its prevalence is between 2% and 25% in the general 
population, depending upon how sleep apnea is defi ned. In an 
epidemiological study, Young et al. noted that the prevalence of 
sleep apnea, defi ned as apnea-hypopnea index (AHI) ≥ 5/h was 
9% for women and 24% for men.10 However, the prevalence of 
OSAS (defi ned as AHI ≥ 5/h and daytime sleepiness) was 2% in 
women and 4% in men.10 The National Sleep Foundation (NSF) 
Sleep in America 2005 Poll found that 1 in 4 Americans are at 
high risk of having sleep apnea based on the Berlin Question-
naire.11 The prevalence of sleep apnea is much higher in surgical 
patients and depends on the type of surgery. In the bariatric sur-
gery population, the prevalence of sleep apnea has been found 
to be > 70%.12,13 It is the standard of care for these patients to 
get a formal sleep evaluation prior to undergoing the bariatric 
surgery. However, patients who are coming for general surgery 
also have a higher prevalence of sleep apnea.14 Chung et al. used 
the Berlin Questionnaire preoperatively and found that 24% of 
surgical patients were at high risk for sleep apnea.15 We used the 
STOP-BANG Questionnaire in our elective surgical population 
and found that 41% of patients were at high risk for sleep apnea 
based on the questionnaire.16 In a cross-sectional study, 39 pa-
tients underwent nocturnal polysomnography (NPSG) prior to 
undergoing epilepsy surgery. It was found that 1 in 3 patients 
undergoing epilepsy surgery had sleep apnea.17 In another study, 
the prevalence of sleep apnea was found to be 64% in a small 
population of patients undergoing surgery for intracranial tu-
mor.18 The majority of these patients are unaware of their sleep 
apnea prior to undergoing elective surgery. In an observational 
study, Finkel et al. noted that > 80% of surgical patients were 
unaware that they had sleep apnea prior to undergoing surgery.14
Pathophysiology
Surgical patients receive sedation, anesthesia, and opioids 
during the perioperative period. These medicines have been 
shown to increase pharyngeal collapse, decrease ventilatory re-
sponse, and impair the arousal response, leading to worsening 
of sleep apnea in the perioperative period.
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There are studies that have shown that REM sleep is usually 
absent on postoperative nights 1 and 2. This is usually followed 
by a profound increase in the amount and density of REM sleep 
(REM sleep rebound) during recovery nights 3 to 5.44,57-59 The 
episodes of sleep disordered breathing and hypoxemia are usu-
ally worse during REM sleep due to hypotonia and unstable 
breathing. REM sleep is also associated with increased sympa-
thetic discharge leading to tachycardia, hemodynamic instabil-
ity, and myocardial ischemia.60-64
It is well known that most complications after the surgery 
occur in the first postoperative week, especially between post-
operative days 2 and 5, corresponding to periods of REM re-
bound. Episodes of hypoxemia after surgery have been reported 
to occur mostly between postoperative nights 2 to 5.58,59,65 These 
episodes may increase the risk of wound infection, cerebral dys-
function, and cardiac arrhythmias.66 In an observational study at 
Mayo Clinic, it was found that the incidence of acute myocardi-
al infarction peaked on day 3 after surgery.67 Similarly, episodes 
of delirium, nightmares, and psychomotor dysfunction have 
been reported to occur between postoperative nights 3 to 5.68-70
Evidence on Sleep Apnea as a Risk Factor for 
Perioperative Complications
We systematically searched the literature on PubMed, Em-
base, and Scopus databases to identify relevant studies on as-
sociation between obstructive sleep apnea and perioperative 
outcome. We included studies conducted in adults who under-
went elective surgery. We excluded bariatric surgery and sleep 
apnea surgery population. Two authors (TSV and RG) inde-
pendently searched for the relevant articles published in the 
English literature from 1966 to December 2011. We used the 
combination of terms including surgery, perioperative outcome, 
perioperative complications, perioperative pulmonary outcome, 
perioperative risk, postoperative complications, and obstructive 
sleep apnea. Bibliographies of all selected articles and review 
articles were also reviewed to find any other relevant article. 
These 2 authors (TSV and RG) also independently assigned the 
Oxford level of evidence and the grade of recommendation to 
each article.71 There was 100% agreement between the 2 au-
thors. We identified 11 articles on obstructive sleep apnea and 
perioperative outcome. These articles along with their Oxford 
level of evidence are reported in the Table 1 and Table 2.
Surgical patients are at higher risk of having complications 
for a variety of reasons, including ASA (American Society 
of Anesthesiologists) class,72,73 age,73-76 type of paralytics,77,78 
current smoking,79-81 low albumin,81-83 duration of surgery,84-86 
type of anesthesia,73,78,87,88 and other comorbidities—especially 
chronic obstructive pulmonary disease, coronary artery disease, 
and renal failure.79,80,89 The risk of postoperative complications 
also depends on the type of surgery. The rate of complication 
is higher in patients undergoing abdominal surgery90-92 and is 
also increased with aortic aneurysm repair,93-96 vascular,74,78,79,93 
thoracic,83,90,93,96 and neck surgery.83,96,97
Gupta et al. have shown an increased risk of postoperative 
complications (39% vs 18%), higher rate of transfer to ICU 
(24% vs 9%), and increased length of hospital stay in patients 
with obstructive sleep apnea compared with control subjects 
matched for age, sex, and body mass index (BMI).98 In this 
study, these investigators also reported that OSA patients who 
Impact of Sedation, Anesthesia, and Opioids
Patients with sleep apnea have recurrent episodes of par-
tial or complete obstruction of the upper airway during sleep. 
These episodes usually occur when the negative pressure of 
inspiratory muscles exceeds the upper airway dilator muscle 
activity (critical airway pressure).19,20 General anesthetics 
have been shown to decrease the upper airway dilator muscle 
activity in a dose-dependent manner and thereby increase up-
per airway collapsibility.21-23 In 12 healthy subjects undergo-
ing minor surgery, increasing depth of propofol anesthesia 
was associated with a progressive increase in critical airway 
pressure and upper airway collapsibility.23,24 This increased 
upper airway collapsibility was found to be secondary to pro-
gressive decrease in the genioglossus muscle activity. Upper 
airway collapsibility may cause worsening of the sleep apnea 
and increase the risk of hypoxemia, cardiac arrhythmias, and 
postoperative complications.
Anesthetic medicines also impair the arousal response, a 
protective defense mechanism against sleep apnea that helps 
in overcoming the airway obstruction. Anesthetics, opioids, 
hypnotics, and benzodiazepines may also cause respirato-
ry depression and thereby decrease the minute ventilation. 
Studies have shown that halothane reduces the ventilatory 
response to hypoxemia and hypercapnia in humans.25,26 
This depression is most likely secondary to a selective ef-
fect of halothane on the peripheral chemoreflex loop. Simi-
larly, a subanesthetic dose of isoflurane has been shown to 
reduce the hypoxemic ventilatory response via peripheral 
chemoreceptors.27,28
Patients undergoing surgery frequently receive opioids for 
the pain control. Opioids have been shown to impair ventila-
tory function by affecting both peripheral and central carbon 
dioxide chemoreflex loops.29,30 Studies have shown that small 
doses of narcotics administered epidurally may also depress 
the respiratory function, even in healthy adults.31-33 The ven-
tilatory depression of opiates appears to be affected by sex 
and ethnicity, as well.34,35 Morphine has been shown to reduce 
hypoxic and hypercapnic ventilatory response in women, but 
not in men.34 On the other hand, it raises the apneic threshold 
in men with no effect in women.34 The combination of opiates 
and benzodiazepines has been shown to cause more signifi-
cant episodes of hypoxemia and apnea.36 This is most likely 
secondary to significant reduction of hypoxic ventilatory re-
sponse to both opiates and benzodiazepines.37-39
REM Sleep Rebound
Surgical patients have been shown to have highly fragmented 
sleep on postoperative nights 1 or 2, with a significant reduction 
in REM sleep, slow wave sleep, and increased stage 2 NREM 
sleep.40-46 These sleep disturbances usually occur secondary to 
surgical stress, pain, and the use of anesthetic and pain medica-
tions.40,47,48 The stress of surgical trauma leads to increased level 
of cortisol, and cortisol has been shown to cause significant re-
duction in REM sleep.49,50 Surgical trauma has also been shown 
to induce significant inflammatory response, characterized by 
the increased level of pro-inflammatory markers like tumor ne-
crosis factor alpha (TNF-α), interleukin 1 (IL-1), and IL-6.51-53 
These inflammatory markers, especially IL-1 and TNF-α, have 
been shown to suppress REM sleep.54-56
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Table 1 continues on the following page
Table1—Studies reporting association between obstructive sleep apnea and perioperative complications
Author
Type of 
Study
Number of 
Patients
Diagnosis of 
OSAS Type of Surgeries Complications Results
Gupta et al.98 Case control 
study
101 patients 
with OSA and 
101 matched 
controls
Polysomnography 
(PSG)
Orthopedic (hip or 
knee replacement)
Reintubation, 
hypoxemia, acute 
hypercapnia, 
myocardial infarction, 
arrhythmia, delirium, 
and ICU transfer
Patients with OSA had 
higher rate of postoperative 
complications (39% vs 
18%). These patients also 
had increased hospital 
length of stay.
Auckley et al.105 Historical 
cohort study
81 patients 
with 
completed 
Berlin 
Questionnaire
Berlin 
Questionnaire
Elective surgery 
(type of surgeries is 
not included in the 
abstract)
Hypoxemia, 
hypercapnia, 
reintubation, 
atelectasis, 
pneumonia, 
arrhythmia, 
thromboembolism
Patients with high-risk of 
sleep apnea based on the 
Berlin Questionnaire had a 
higher rate of postoperative 
complications (20% vs 
4.5%).
Sabers et al.106 Case control 
study
234 patients 
with OSA and 
234 matched 
controls
Polysomnography Non-
otorhinolaryngologic 
outpatient surgical 
procedures
Unplanned 
hospital admission, 
bronchospasm, upper 
airway obstruction, 
hypotension, atrial 
fibrillation, pulmonary 
edema
No significant difference 
in the rate of unplanned 
hospital admissions (23.9% 
vs 18.8%) or other adverse 
events (2.1% vs 1.3%)
Kaw et al.100 Case control 
study
37 patients 
with OSA and 
185 matched 
controls
Polysomnography Cardiac Encephalopathy, 
postoperative 
infections, and ICU 
length of stay
Patients with sleep 
apnea had higher rate 
of encephalopathy, 
postoperative infections 
(mediastinitis), and 
increased ICU length of 
stay.
Hwang et al.102 Historical 
cohort study
172 patients 
underwent 
home 
nocturnal 
oximetry
Home nocturnal 
oximetry
Abdominal, ENT, 
Thoracic, Vascular, 
Gyn, Neurosurgical, 
Urologic, 
Cardiothoracic, and 
Orthopedic
Arrhythmia, 
hypoxemia, 
atelectasis, GI 
bleed, pneumonia, 
pulmonary embolism, 
Patients with ODI4% 
≥ 5/h had a higher 
rate of postoperative 
complications than those 
with ODI4% < 5/h (15.3% 
vs 2.7%).
Gali et al.104 Prospective 
cohort study
693 patients 
with 
completed 
Flemons 
Criteria and 
SACS score
Flemons Criteria 
and SACS score
Orthopedic, Gyn, 
ENT, Urologic, 
Thoracic,
Plastics, 
Neurosurgery, 
General abdominal
Arrhythmia, MI, 
ICU admission, 
pneumonia, need for 
the ventilator support
Postoperative respiratory 
events were associated 
with high SACS and PACU 
events
Liao et al.99 Retrospective 
matched 
cohort study
240 patients 
with OSA and 
240 matched 
controls
International 
Classification of 
Disease (ICD-9) 
codes
Cardiac, ENT, 
Orthopedic, Spine, 
Urologic, General, 
Gyn, and Plastic 
Hypoxemia, 
pulmonary edema, 
bronchospasm, 
arrhythmia, confusion
Patients with OSA had 
a higher incidence 
of postoperative 
complications (48% vs 
36%)
Vasu et al.16 Historical 
cohort study
135 patients 
with 
completed 
STOP BANG 
Questionnaire
STOP BANG 
Questionnaire
Orthopedic, 
Abdominal, Head 
and Neck, ENT, 
Gyn, Vascular, 
Cardiothoracic
Hypoxemia, 
pneumonia, 
pulmonary embolism, 
atelectasis, 
hypotension, atrial 
fibrillation
Patients with high-
risk of sleep apnea 
based on STOP BANG 
Questionnaire had a higher 
rate of postoperative 
complications (19.6% vs 
1.3%) and the hospital 
length of stay.
PSG, polysomnography; ICU, Intensive Care Unit; SACS, Sleep Apnea Clinical Score; PACU, Postanesthesia Care Unit.
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OSA had higher incidence of encephalopathy, postoperative 
infections (mediastinitis), and increased ICU length of stay.100 
Similarly, Memtsoudis et al. in their case-control study found 
that orthopedic and general surgical patients with sleep apnea 
were at a higher risk of having perioperative pulmonary com-
plications.101
Hwang et al. demonstrated that the rate of postoperative 
complications was increased in proportion to episodes of over-
received continuous positive airway pressure (CPAP) therapy 
prior to surgery had a reduced rate of serious complications and 
a one-day reduction in the length of hospital stay. In another 
case-control study, Liao et al. found that patients with OSA had 
higher rate of postoperative complications (44% vs 28%).99 
Interestingly, they also noted that OSA patients who were not 
compliant with their CPAP had the highest rate of postoperative 
complications. Kaw et al. also demonstrated that patients with 
Author
Type of 
Study
Number of 
Patients
Diagnosis of 
OSAS Type of Surgeries Complications Results
Stierer et al.107 Prospective 
cohort study
A cohort 
of 2139 
patients who 
underwent 
ambulatory 
surgical 
procedure
Probability of 
OSA based on 
demographic and 
questionnaire 
including Maislin 
index score
Orthopedic, ENT, 
Gyn, Plastic, 
Neurologic, Urologic, 
and general 
outpatient surgical 
procedures
Unplanned 
hospital admission, 
hypoxemia, cardiac 
arrhythmia, re-
intubation, re-
admission within 
24 h of discharge, 
and need for lung 
ventilation
Increased propensity for 
OSA was not associated 
with unplanned hospital 
admission. However, it was 
associated with difficult 
intubation, increased 
oxygen requirement, and 
intraoperative tachycardia 
with increased need for 
labetalol or metoprolol.
Memtsoudis 
et al.101
Case control 
study
58358 
orthopedic 
patients with 
OSA and 
45547 general 
surgery 
patients with 
OSA were 
matched for 
controls in 1:3 
manner
International 
Classification of 
Disease (ICD-9) 
codes
Orthopedic and 
general surgery
Aspiration pneumonia, 
pulmonary embolism, 
need for intubation 
and mechanical 
ventilation, ARDS
Patients with sleep apnea 
undergoing orthopedic and 
general surgeries were at 
a higher risk of aspiration 
pneumonia, ARDS, and 
the need for intubation and 
mechanical ventilation. 
Kaw et al.103 Cohort study 471 patients 
who 
underwent 
non-cardiac 
surgery within 
3 years of 
PSG
Patients with an 
apnea-hypopnea 
index (AHI) ≥ 5/h 
were defined as 
OSA, and those 
with AHI < 5 as 
controls
Non-cardiac surgery Atrial fibrillation, 
respiratory failure, 
hypoxemia, delirium, 
transfer to ICU, 
congestive heart 
failure, myocardial 
infarction, hospital 
length of stay
Patients with OSA had a 
higher rate of postoperative 
hypoxemia (12.4% vs 
2.1%), transfer to ICU 
(6.7% vs 1.6%), any 
complication (14.2% vs 
2.6%), and hospital length 
of stay.
PSG, polysomnography; ICU, Intensive Care Unit; SACS, Sleep Apnea Clinical Score; PACU, Postanesthesia Care Unit.
Table1 (continued )—Studies reporting association between obstructive sleep apnea and perioperative complications
Table 2—The Oxford level of evidence and grade of recommendation for individual studies
Author Type of Study Journal
Year of 
Publication
Oxford Level 
of Evidence
Grade of 
Recommendation
Gupta et al.98 Case control study Mayo Clin Proc 2001 3b B
Auckley et al.105 Historical cohort study Abstract in Sleep 2003 2b B
Sabers et al.106 Case control study Anesth Analg 2003 3b B
Kaw et al.100 Case control study J Cardiovasc Surg 2006 3b B
Hwang et al.102 Historical cohort study Chest 2008 2b B
Gali et al.104 Prospective cohort study Anesthesiology 2009 2b B
Liao et al.99 Retrospective matched cohort study Can J Anesth 2009 3b B
Vasu et al.16 Historical cohort study Arch Otolaryngol Head Neck Surg 2010 2b B
Stierer et al.107 Prospective cohort study J Clin Sleep Med 2010 2b B
Memtsoudis et al.101 Case control study Anesth Analg 2011 3b B
Kaw et al.103 Cohort study Chest 2011 2b B
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ed in the surgical population: the Berlin Questionnaire, ASA 
checklist, and the STOP-BANG questionnaire. The Berlin 
questionnaire is the most widely used questionnaire to iden-
tify patients at high risk for OSA. It contains 11 questions that 
are organized in 3 symptom categories and has been validated 
in the primary care patients.109 It has a sensitivity of 86% and 
positive predictive value of 89% for identifying patients with 
respiratory disturbance index (RDI) > 5/h in the primary care 
clinic. Recently, Chung et al. validated the Berlin question-
naire in surgical population and found that it had a sensitivity 
of 74.3% to 79.5% and a negative predictive value of 76% to 
89.3% in identifying patients with moderate-to-severe OSA.110 
However, this questionnaire has complex scoring system and 
is time consuming.111
The American Society of Anesthesiologists (ASA) check-
list also appears to be very useful and promising and has 
been proposed by ASA Task Force to identify patients with 
OSA.112 It contains 12 items for adults and 14 items for chil-
dren. The ASA checklist has been shown to have a sensitivity 
of 78.6% to 87.2% and a negative predictive value of 72.7% 
to 90.9% in identifying surgical patients with moderate-to-
severe OSA.110
Recently, the STOP-BANG (Snoring, Tiredness during day-
time, Observed apnea, high blood Pressure, Body mass index, 
Age, Neck circumference, Gender) questionnaire was vali-
dated as a screening modality for OSAS in the preoperative 
setting.113 It is a concise, self-administered, and easy-to-use 
questionnaire that consists of 8 yes/no questions. Patients are 
considered to be at high risk of OSAS if they answer yes to ≥ 3 
items. The sensitivity of the STOP-BANG questionnaire at an 
AHI > 5, > 15, and > 30 cutoff values was 83.6%, 92.9%, and 
100%, respectively; corresponding negative predictive values 
(NPV) were 60.8%, 90.2%, and 100%. This questionnaire has 
a moderately high level of sensitivity, specificity, and NPV to 
detect patients with moderate (AHI > 15) to severe (AHI > 
30) sleep apnea in the surgical population. Therefore, if the 
patient is ranked as a low risk for OSA by the STOP-BANG 
scoring model, practitioners can exclude the possibility that 
the patient would have moderate-to-severe sleep apnea with a 
good degree of accuracy.
Abrishami et al. conducted a systematic review to identify 
and evaluate the different screening questionnaires for sleep 
apnea.114 They noted that the Berlin and STOP-BANG ques-
tionnaires had high sensitivities and specificities in predict-
ing moderate or severe sleep apnea. However, they found that 
the STOP and STOP-BANG questionnaires had the highest 
methodological validity, and these questionnaires are very 
easy to use.
Nocturnal Pulse Oximetry
Nocturnal pulse oximetry has also been used for the screen-
ing of OSA. Malbois et al. compared the sensitivity of nocturnal 
oximetry to ambulatory monitoring in order to identify patients 
with sleep apnea prior to undergoing bariatric surgery.115 They 
demonstrated that nocturnal oximetry with a 3% desaturation 
index as a screening tool for OSA could rule out significant 
OSA (AHI > 10) and also detect patients with severe OSA. This 
cheap and widely available technique could accelerate preop-
erative work-up of these patients.
night desaturation during home nocturnal oximetry.102 In this 
study, 172 patients underwent home nocturnal oximetry dur-
ing preoperative evaluation for elective surgery. The number of 
episodes per hour of oxygen desaturation (or oxygen desatura-
tion index) ≥ 4% (known as the ODI 4%) was calculated for 
every patient from the home nocturnal oximetry. Patients with 
an ODI 4% ≥ 5/h had a significantly higher rate of postoperative 
complications than those with ODI 4% < 5/h (15.4% vs 2.7%). 
Interestingly, the rate of postoperative complications increased 
with increasing ODI severity. Patients with an ODI 4% of 5-15 
had a 13.8% incidence of complications, compared to 17.5% of 
those with an ODI 4% > 15.
In a recent cohort study, 471 patients who underwent non-
cardiac surgery within 3 years of polysomnography were 
evaluated for postoperative complications and hospital length 
of stay. It was found that patients with sleep apnea had higher 
rate of postoperative complications and hypoxemia.103 We 
used the STOP-BANG Questionnaire preoperatively to iden-
tify patients at high risk for OSAS.16 We found that patients 
at high risk of OSAS had a higher rate of postoperative pul-
monary and cardiac complications than patients at low risk 
(19.6% vs 1.3%). We also noted that patients at high risk of 
OSAS had significantly higher length of stay in the hospital 
compared to patients at low risk. Gali et al. used Flemons cri-
teria and SACS (sleep apnea clinical score) to identify patients 
at high or low risk for obstructive sleep apnea.104 They also 
noted that patients with high SACS and PACU (postanesthesia 
care unit) events had a higher rate of postoperative respiratory 
events. Similarly, Auckley et al. used the Berlin Questionnaire 
to identify the high-risk patients.105 They demonstrated that 
patients at high risk of sleep apnea had more postoperative 
complications (20% vs 4.5%); however, this difference was 
not statistically significant.
There are two studies that have been conducted in patients 
undergoing ambulatory surgery to assess the impact of obstruc-
tive sleep apnea.106,107 These studies found that the presence 
of OSA did not increase the rate of unplanned hospital admis-
sions in patients who underwent outpatient surgical procedures. 
Stierer et al. used a prediction model in a cohort of ambulatory 
surgical population to assess the probability of sleep apnea.107 
They demonstrated that patients with ≥ 70% propensity for 
OSA had increased rate of difficult intubation, increased oxy-
gen requirement, and intraoperative tachycardia.
How to Identify Patients with Sleep Apnea
Nocturnal polysomnography (NPSG) is considered to be the 
gold standard to identify patients with obstructive sleep apnea.108 
However, in the perioperative setting, it is difficult to implement 
due to a variety of factors, including its prolongation of the pro-
cess of surgery and contribution to the overall cost. In many 
hospital settings, it may also not be readily available. There are 
other methods that have been shown to identify patients who 
are at risk for obstructive sleep apnea including questionnaires, 
nocturnal pulse oximetry, and home sleep testing.
Questionnaires
There are many questionnaires that are available to identify 
surgical patients who are at high risk of having obstructive 
sleep apnea. Three of these questionnaires have been validat-
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conducted to evaluate neck circumference, body mass index, 
modified Mallampati score, tongue volume, tonsillar size, and 
nasopharyngeal characteristics. It is important to administer 
screening questionnaires like the Berlin, ASA, or STOP-BANG 
to identify patients at high risk for OSA. These questionnaires 
are simple and easy to administer preoperatively and have been 
validated in the surgical population. There should be an action 
plan for the management of high-risk patients during the peri-
operative period. In few circumstances, anesthesiologists and 
surgeons may decide to obtain formal sleep evaluation for the 
management of sleep apnea prior to performing surgery.
Intraoperative Management
Intraoperative management usually focuses on surgical mea-
sures and the type of anesthesia. One should minimize the surgi-
cal stress and the duration of surgery as these factors have been 
shown to increase the perioperative complications. Whenever 
possible, consider using regional or local anesthesia instead of 
general anesthesia. These patients should be extubated when 
they are fully awake, preferably in the semi-upright position.
Postoperative Management
Patients at increased perioperative risk from OSA should be 
very closely monitored in the post anesthesia care unit (PACU) 
for hypoxemia or other complications. They should have con-
tinuous monitoring of oxygenation with the help of pulse ox-
imetry. Whenever possible, these patients should be placed in 
the non-supine position after the surgery to decrease the se-
verity of apnea. These patients are very susceptible to opioids 
and benzodiazepines and one should minimize the use of these 
medicines in the perioperative period. Consider using NSAIDs, 
acetaminophen, tramadol, and regional analgesia for pain con-
trol. Dexmedetomidine can be very useful for sedation because 
of its opioid sparing effect and the lack of respiratory depres-
sion. Patients with the known diagnosis of sleep apnea should 
use their CPAP after surgery. There is no randomized controlled 
trial that has demonstrated that CPAP is beneficial in the post-
operative setting. However, one may consider using auto-CPAP 
in high-risk patients after surgery, although it might be difficult 
for the CPAP-naïve patient to get used to it in the perioperative 
period. Once again, the use of auto-CPAP has not been formally 
studied in this population, and there may be a need to conduct a 
randomized controlled trial to assess the efficacy of auto-CPAP. 
These patients should also get formal sleep evaluation after dis-
charge from the hospital.
Evidence for Perioperative use of CPAP
CPAP acts as a pneumatic splint and helps in opening the 
collapsed upper airway at night. The application of CPAP also 
improves functional residual capacity (FRC) and oxygenation 
with reduction in work of breathing. CPAP has been shown to 
improve excessive daytime sleepiness in patients with OSAS. 
There is some evidence that the perioperative use of CPAP may 
help in reducing postoperative complications. In a case control 
study, Gupta et al. noted that OSA patients who were compliant 
with their CPAP had reduced rate of complications and also de-
creased hospital length of stay.98 Similarly, Liao et al. noted that 
OSA patients who were not compliant with their CPAP were 
at the greatest risk of having postoperative complications.99 
Home Sleep Testing
Ambulatory monitoring is another modality that can be em-
ployed in patients at high risk for sleep apnea. However, this is 
recommended only in patients with a high pre-test probability 
of sleep apnea and is not recommended in patients with coex-
isting cardiopulmonary complications.116 It also has its limita-
tions in terms of ease of use by the patients. There is one study 
that has shown the effectiveness of ambulatory monitoring in 
confirming the diagnosis of OSA in 82 % of adult surgical pa-
tients, identified as high risk prior to undergoing surgery, in a 
large academic medical center.14 It would be helpful to evaluate 
this modality of diagnosing OSAS in specific surgical patient 
population.
Perioperative Management
The American Society of Anesthesiologists published prac-
tice guidelines in 2006 on the perioperative management of 
patients with obstructive sleep apnea.112 It also proposed OSA 
scoring system to assess the perioperative risk. Based on these 
guidelines, perioperative care can be subdivided in 3 parts: pre-
operative evaluation, intraoperative management, and postop-
erative management (Table 3).
Preoperative Evaluation
Patients should undergo thorough history and physical ex-
amination preoperatively with the special emphasis on the 
evaluation of sleep apnea. One should obtain history pertinent 
to sleep apnea including snoring, excessive daytime sleepi-
ness, witnessed apneas, frequent awakenings at night, and 
morning headaches. A focused physical examination should be 
Table 3—Perioperative management of patients at high risk 
of obstructive sleep apnea syndrome
Preoperative Evaluation
1. History
2. Physical Examination
3. Screening Questionnaires like Berlin, ASA, or STOP BANG to 
identify high-risk patients
4. Consider a formal sleep evaluation in very high-risk group
Intraoperative Management
1. Minimize the surgical stress
2. Reduce the duration of surgery
3. Consider regional or local anesthesia instead of general 
anesthesia
4. Anticipate difficult intubation
5. Consider awake extubation preferably in semi-upright position
Postoperative Management
1. Minimize the use of opioids and sedation after the surgery
2. Consider using acetaminophen, NSAIDs, or regional analgesia 
for the pain control
3. Continuously monitor oxygenation in the postoperative period
4. Patients with a known diagnosis of sleep apnea should use their 
CPAP after the surgery
5. High-risk patients for sleep apnea should use Auto CPAP during 
the postoperative period
6. Follow-up at the sleep center for the management of sleep 
apnea upon discharge from the hospital
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14. Finkel KJ, Searleman AC, Tymkew H, et al. Prevalence of undiagnosed obstruc-
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Sleep Med 2009;10:753-8.
15. Chung F, Ward B, Ho J, Yuan H, et al. Preoperative identification of sleep apnea 
risk in elective surgical patients, using the Berlin questionnaire. J Clin Anesth 
2007;19:130-4.
16. Vasu TS, Doghramji K, Cavallazzi R, et al. Obstructive sleep apnea syndrome 
and postoperative complications: clinical use of the STOP-BANG questionnaire. 
Arch Otolaryngol Head Neck Surg 2010;136:1020-4.
17. Malow BA, Levy K, Maturen K, Bowes R. Obstructive sleep apnea is common in 
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21. Drummond GB. Comparison of sedation with midazolam and ketamine: effects 
on airway muscle activity. Br J Anaesth 1996;76:663-7.
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1989;63:12-21.
23. Eastwood PR, Platt PR, Shepherd K, et al. Collapsibility of the upper airway at 
different concentrations of propofol anesthesia. Anesthesiology 2005;103:470-7.
24. Hillman DR, Walsh JH, Maddison KJ, et al. Evolution of changes in upper airway 
collapsibility during slow induction of anesthesia with propofol. Anesthesiology 
2009;111:63-71.
25. Knill RL, Clement JL. Site of selective action of halothane on the peripheral 
chemoreflex pathway in humans. Anesthesiology 1984;61:121-6.
26. Dahan A, van den Elsen MJ, Berkenbosch A, et al. Effects of subanesthetic halo-
thane on the ventilatory responses to hypercapnia and acute hypoxia in healthy 
volunteers. Anesthesiology 1994;80:727-38.
27. van den Elsen M, Dahan A, DeGoede J, et al. Influences of subanesthetic isoflu-
rane on ventilatory control in humans. Anesthesiology 1995;83:478-90.
28. Knill RL, Kieraszewicz HT, Dodgson BG, et al. Chemical regulation of ventila-
tion during isoflurane sedation and anaesthesia in humans. Can Anaesth Soc 
J 1983;30:607-14.
29. Borison HL. Central nervous respiratory depressants--narcotic analgesics. Phar-
macol Ther B 1977;3:227-37.
30. Berkenbosch A, Teppema LJ, Olievier CN, Dahan A. Influences of morphine on 
the ventilatory response to isocapnic hypoxia. Anesthesiology 1997;86:1342-9.
31. Christensen V. Respiratory depression after extradural morphine. Br J Anaesth 
1980;52:841.
32. Reiz S, Westberg M. Side-effects of epidural morphine. Lancet 1980;2:203-4.
33. Knill RL, Lam AM, Thompson WR. Epidural morphine and ventilatory depres-
sion. Anesthesiology 1982;56:486-8.
34. Dahan A, Sarton E, Teppema L, et al. Sex-related differences in the influence 
of morphine on ventilatory control in humans. Anesthesiology 1998;88:903-13.
35. Sarton E, Teppema L, Dahan A. Sex differences in morphine-induced ventilatory 
depression reside within the peripheral chemoreflex loop. Anesthesiology 1999; 
90:1329-38.
36. Bailey PL, Pace NL, Ashburn MA, et al. Frequent hypoxemia and apnea after 
sedation with midazolam and fentanyl. Anesthesiology 1990;73:826-30.
37. Weil JV, McCullough RE, Kline JS, et al. Diminished ventilatory response 
to hypoxia and hypercapnia after morphine in normal man. N Engl J Med 
1975;292:1103-6.
38. Bailey PL, Lu JK, Pace NL, et al. Effects of intrathecal morphine on the ventila-
tory response to hypoxia. N Engl J Med 2000;343:1228-34.
39. Alexander CM, Gross JB. Sedative doses of midazolam depress hypoxic ventila-
tory responses in humans. Anesth Analg 1988;67:377-82.
40. Ellis BW, Dudley HA. Some aspects of sleep research in surgical stress. J Psy-
chosom Res 1976;20:303-8.
41. Kavey NB, Ahshuler KZ. Sleep in herniorrhaphy patients. Am J Surg 
1979;138:683-7.
42. Lehmkuhl P, Prass D, Pichlmayr I. General anesthesia and postnarcotic sleep 
disorders. Neuropsychobiology 1987;18:37-42.
Squadron et al. demonstrated that the use of CPAP leads to re-
duction in the incidence of endotracheal intubation and other 
severe complications in patients who develop hypoxemia af-
ter elective major abdominal surgery.117 In a randomized con-
trolled trial, Kingen-Milles et al. found that the prophylactic use 
of nasal CPAP was associated with a reduction in pulmonary 
complications and hospital length of stay in patients under-
going thoracoabdominal aortic aneurysm repair.118 In another 
study, Zarbock et al. also noted significant reduction in the rate 
of pulmonary complications with the prophylactic use of nasal 
CPAP in patients undergoing elective cardiac surgery.119 A re-
cent meta-analysis of nine randomized controlled trials in the 
abdominal surgical population reported reduction in the rate of 
atelectasis, postoperative pulmonary complications, and pneu-
monia with the perioperative use of CPAP. 120
Conclusions
Obstructive sleep apnea syndrome (OSAS) is a common 
type of sleep disordered breathing, with a high prevalence in 
the surgical population. The majority of patients with sleep ap-
nea are undiagnosed and are therefore unaware of their OSAS 
at the time of the surgery. These patients are at increased risk 
for perioperative complications. Sedation, anesthesia, opioids, 
and REM sleep rebound have been shown to cause worsening 
of sleep apnea in the perioperative period that may lead to in-
crease in the rate of perioperative complications. It is impor-
tant to identify these patients preoperatively so that appropriate 
actions can be taken during their perioperative care. Screen-
ing questionnaires such as the Berlin, STOP-BANG, or ASA 
checklist are easy to administer preoperatively and have been 
shown to identify high-risk patients. There should be a standard 
protocol for the perioperative management of high-risk patients 
in order to reduce the rate of complications. These high-risk 
patients should also have a formal sleep evaluation for the long-
term management of their sleep apnea after the discharge from 
the hospital.
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